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CHAPTER I
INTRODUCTION
Species of the floating water fern, Salvinia, are distributed
throughout most of the neotropical areas of the world. According
to Hertzog (1938)» Salvinia rotundifolia Willd. is amply distributed
in the tropical Americas from Mexico to Southern Brazil and to the
shores of Argentina.
Elias Ramon De La Soto (1963) stated that the species, S. auri-
culata Aublet is distributed from Mexico to the Antilles to the River
Plate basin, including northwest South America and the Galapagos,
but excluding the western part. De La Soto also reported the occur¬
rence of S. auriculata in the Bermuda Islands. There has been some
confusion, however, in the literature relative to the name of this
species. Weatherby (1937) referred to this species as S. rotundi-
folia. Bailey (1951) concurred in this opinion for he listed the
binomial, S. auriculata,as a synot^ under S. rotundlfolia. As a
result, the species of Salvinia used in this study shall be referred
to as S. rotundifolla.
During attempts to collect specimens for this study, it was
noted that Salvinia rotundifolia occurs in four different areas of
Florida. One was in the Everglades, a short distance from the Tamiami
Trail. The second region was in the Cjrpress Knee Forest a few miles
from Lake Okeechobee, The third area was a mile from Highway UO in
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the Ocala National Forest about ten miles from Silver Springs,
Florida. The fourth area was in a creek a short distance from the
intersection of Highway Ul and the Cortez Road in Manatee County,
Floid-da.
In the laboratories of the Biology Department at Atlanta Univer¬
sity in Atlanta, Georgia, S. rotundifolia grows in several aquaria.
This fern is a common member of plant associations in many aquaria.
Since 1963, Dr. Lafayette Frederick and students in his courses have
been aware of the presence of a fungal pathogen on fronds of this
fern. Jones (196?) isolated a fungus and successfully infected
healthy plants. She identified the fungus as a member of the genus
Cephalosporium and considered it to be a previously xmdescribed
species, Jones and Frederick (1970) have proposed the binomial
Cephalosporium salvinae as the name for the pathogen.
The studies of Jones (1967) and Jones and Frederick (1970)
have dealt mainly with the identity of the fungus and a confirmation
of its disease relationship. No work has been done on the pattern
of invasion and disease development by the fungus. The present
study was undertaken to shed light on this aspect of the disease.
CHAPTER II
REVIEW OF LITERATURE
In the past few years many species of Cephalosporlum have been
Identified as the causal agent of various diseases. According to
Pisano (I963), Cephalosporia have also been responsible for human
diseases. An infection of the eyelids and tear ducts represents an
example of a hiiman infection caused by Cephalosporia. Pisano also
states that Cephalosporia have been isolated as causative agents of
diseases of insects as well as other representatives of the animal
kingdom.
Cephalosporia diseases of plants have a much longer history.
A wilt disease of elm (McKenzie and Johnson, 1939), and diseases of
balsam fir (Christensen, 1937) and westem hemlock (Denyer, 1953)
have been associated with Cephalosporium» Many of our agricultural
products have been attacked by various species of Cephalosporlum.
Stripe disease of wheat seedlings, for instance, is caused by C.
graminettm Nislkado and Ikata (Bruehl, 1956). The late wilt disease
of maize caused by C. acreroopium Corda (Samra et 1963 )> and the
brown stem rot of soybeans caused by C. gregatum Allington and Chamber-
lain (Allington and Chamberlain, I9U8) are but a few examples of the
pathogens attacking important agricultural crops.
Another species of Cephalosporlum, C. apii Sinith and Ramsey
(Smith and Ramsey, 1951) was found to be the causative agent in the
brown spot disease of celery stalks in the United States. The same
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fungus was found to be the causal agent of celery in England (Sheridan,
19614.), In the wilt disease of sugar cane, one of the infectious organ¬
isms is C, sacchari Padwick (Khana and Chakravarti, 19149)•
Several species of Cephalosporium are responsible for various
diseases of leaves and fruits of plants. C. diospyri Crandall is the
name assigned to the species causing wilt disease of persimmons
(Wilson, 1963). C, fici Tims and Olive (Tims and Olive, 191;8) has
been found to cause the leaf spot on figs,
Althovigh species of Cephal0sporitim have been associated with
several diseases of plants from terrestrial habitats, there appears
to be only one previous report of a Cephalosporium pathogen on aquatic
plants, Padwick (I9l;6) reported that large spots on leaves of the
floating aquatic Eichhornia crassipes Solms were caused by a species
Cephalosporium, He considered the species to be new and named it
C, eichhomiae Padwick.
More recently, Jones (196?) isolated a Cephal0sporium from
diseased fronds of Salvinia rotundifolia Willd, a neotropical water
fern found in the warmer areas of the United States. The fern was
growing in several aquaria in laboratories of the Biology Department
at Atlanta University. In her studies, she isolated the Cephalosporium
from among several other species of fungi that were growing on the
necrotic frond. Disease-free Salvinia plants were successfully in¬
fected with the isolate. Following a careful study of the morpho¬
logic and cultural characters of the isolate, Jones (I967) and Jones
and Frederick (1970), concluded that the fungus represented a new
species of Cephalosporium. The fungus was subsequently named C,
5
salvinae Jones and Frederick (Jones, 1967j Jones and Frederick,
1970).
Since Eichhornia crassipes, the host of Padwick's C. eichhomiae,
and S. rotundifolia are cranmon inhabitants of the same body of water,
Jones (1967) attempted to infect E. crassipes with the same species
infecting the fronds of S. rotundifolia. This was done in order to
ascertain whether the E, crassipes was susceptible to both species of
Cephalosporium. Jones’ attempts to infect leaves of E. crassipes
with C. salvinae were unsuccessful.
Jones and Frederick (1970) reported that C, salvinae appears
to be the first definitive report of a fungal disease of Salvinia
rotundifolia. The only other report in the literature of fungi
associated with frond degeneration in Salvinia is that of Loveless
(1969). He found that Salvinia auriculata Aublet showed signs of
degeneration in Lake Kariba of the Zambesi Valley in Africa. He
isolated two fungi from degenerating plants. One was a species of
Altemaria and the other was a species of Spicariopsis. Loveless was
unable to reinfect S, auriculata and produce the disease sympterns
with either fungus. He concluded that the fungi were saprobes on
the already degenerating plants
CHilPTER III
MATERIALS AND METHODS
Disease-free specimens of S, rotundifolia used in this investi¬
gation were obtained from natural habitats and from greenhouse
aquaria. Those from natural habitats were collected from different
localities. The plants used during the sionmer of I967 were collected
from a small creek one mile north of Florida State Highway UO near
the place where Jones (196?) had procured the plants for her studies.
During the summer of 1968, specimens of S. rotundifolia were collected
from a creek along a gravel road in the Everglades about two miles
south of the Tamiami Trail. Plants used for the studies conducted
in 1969 were supplied through the courtesy of Mr. O'Keefe from aquaria
located in the greenhouses of the University of Georgia.
Uninfected plants were maintained in rain water in a large
polyethylene container placed outside the greenhouse at Atlanta
University. For inoculation studies they were transferred to sterile
19 cm finger bowls and kept near a window with a northern exposure
at room temperature in an air-conditioned laboratory. The last group
was kept in a laboratory that was not air-conditioned and, as a re¬
sult, the temperature to which they were subjected was somewhat
higher.
The culture of Cephalosporium salvinae used in these studies
was isolated from infected fronds of S. rotundifolia growing in
aquaria in one of the laboratories of the Departanent of Biology at
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Atlanta University. Isolation was accomplished by removing actual
mycelial fragments and spores from the upper surface of diseased
fronds and transferring this material to sterile potato dextrose
agar (PDA) and malt agar (MA) plates. Subcultures of initial
isolations were made until a pure culture was obtained. Pure cul¬
tures were studied microscopically to confim the identity of the
fungus.
In order to detemine the general relationship between the
host and the pathogen, cleared whole mounts of infected fronds were
prepared and studied. A cleared leaf technique, following a proced¬
ure from the Sourcebook of Plant Pathology (196?) was used. Fronds
exhibiting various stages of disease develoimient were removed from
laboratory aquaria and placed overnight in 19 cm finger bowls con¬
taining a formalin-acetic acid-alcohol (FAA) solution (Johansen,
I9U0). The fronds were transferred to a $0% lactic acid solution
for from 6 to 8 hours for clearing. After clearing they were mounted
in lactophenol-cotton blue and examined for spore germination and
hyphal distribution on and within the frond.
The preliminary histopathologic studies were made by preparing
slides of naturally infected fronds at three different stages of
disease development. The first stage was a frond that appeared un¬
infected macroscopically but was among the diseased plants. The
second stage was a frond that contained mycelia on its surface but
was still mostly green in color. The third stage was a frond that
was strongly discolored and partially necrotic. Ihese stages were
ascertained from visual observations. The principal observations in
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this study were made by using fronds that were inoculated with spore-
hyphal suspensions of m vitro cultures of the pathogen. Inoculated
fronds were killed and fixed for histologic examination at specified
intervals after inoculation.
Disease-free fern plants were prepared for inoculation by
separating small groups of floating fronds from their associated
sulanerged stiructures. The separated floating fronds were placed
in sterile 19 cm finger bowls that contained sterile distilled
water. The arrangement of the fronds into small groups facilitated
the inoculation of single fronds.
Pure cultures of C. salvinae were maintained in cultiire tubes
on PDA. To prepare the inoculun^ 10 ml of distilled water were
added to a 5-day-old PDA culture and the tube was gently shaken in
order to dislodge spores and minimize mycelial fragmentation. No
attempt was made to standardize the spore concentration of the inocu¬
lum. One drop of inoculvim was placed on the top of each frond to
be infected, using a sterile pipette. Drops of distilled water
that had been gently shaken in a sterile PDA tube slant was applied
to disease-free fronds in order to provide control plants. On ac¬
count of the high surface tension of the material covering the upper
surfaces of the fronds, considerable difficulty was experienced in
retaining the drops on the frond surface. A large percentage of the
drops readily rolled off. To overcome this problem, a wetting agent
(Tween 80) was employed in later inoculation attempts.
Different percentages of Tween 80 were tried at first, in order
to determine which percentage would give the most desirable results.
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A 20% solution appeared to be best and was, therefore, utilized in
all subsequent studies. The 20% TWeen 80 solution alone was used
on control plants. Spore suspensions in the 20% Tween 80 solution
were prepared in the same manner described above. Application of
drops of this inoculation preparation remained on frond surfaces
more than ^% of the time.
Following application of the inoculum, fronds were removed
from the culture distes once every hour for a period of 12 hours and
placed in vials containing a formalin-propionic acid-alcohol (FPA)
solution. After the first 12 hour period, fronds were collected
following periods of 2h, 36 and I4.8 hours of exposure to the inoculum.
All fronds were fixed in FPA for a period of 8 hours or more. After¬
wards they were dehydrated in Johansen's tertiary butyl alcohol (TEA)
series (Johansen, I9U0) and embedded in Fisher's Tissuemat. Serial
sections were cut on a rotary microtome set at 10 microns and the
sections were affixed to slides with Haupt's adhesive (Johansen, I9U0)
for staining. One group of sections was stained with a safranin-
fast green combination (Johansen, 19h0). The staining schedule was
as followst
Reagent Time (approx.)
3^1ol I 5 min.







Aqueous solution of safranin 3 hrs
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Wash in water 10 min*
70^ ethyl alcohol 10 min.
ethyl alcohol 10 min.
alcoholic solution of fast green 20-30 seconds
alcoholic rinse with 1% picric acid 20-30 seconds
9^% alcohol 10 min.
absolute alcohol 10 min*
absolute alcohol and Xylol, ^0-50 10 min.
Xylol I 10 min.
Xylol II 10 min.
Another group of sections was stained with Johansen's quad-
stain (Johansen, 19U0)» The staining schedule was as follows
Reagent Time (approx.).
Xylol I 10 min.
Xylol II 10 min.
89% alcohol 10 min.
10% alcohol 10 min.
Stain with alcohol safranin solution
(made with cellosolve) 3 hrs.
Rinse in tap water 2-3 min.
Stain with 1% aqueous methyl violet 10 min.
Rinse in tap water 2-3 min.
Rinse in mixture:
1 part 9S% ethyl alcohol
1 part methyl cellosolve
1 part tertiary butyl alcohol 19 seconds
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stain in fast green solution:
1 part saturated dye solution with
methyl cellosolve and clove oil (50t50)
3 parts 9S% alcohol
3 parts tertiary butyl alcohol
1 part glacial acetic acid 10 min.
Rinse in miatttire of: ethyl alcohol
and tertiary butyl alcohol (50:5o) +
0,S% glacial acetic acid 10 seconds
Stain in orange G solution:
1 part saturated solution of dye in
methyl cellosolve and 9$% ethyl
alcohol 3 min.
Rinse briefly in wash of:
1 part clove oil
1 part methyl cellosolve
1 part 9^% ethyl alcohol 15 seconds
Rinse briefly in wash of:
1 part clove oil
1 part absolute alcohol
1 part xylol 5 min.
Xylol I 10 min.
Xylol II 15 min.
Following staining, some sections were mounted in balsam and
others in Kleermount. The sections were studied in order to ascer¬
tain the general anatomical structure of the fronds, the probable
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mode of entrance of the fungus into the fi*ond, £uid the histological
changes induced by the progressive invasion of the fungus*
Soane of the artificially inoculated fronds were cleared and
stained after the technique described earlier in order to compare
early stages of infection and penetration with the colonization of
host tissue as observed by tiie whole mounts of naturally infected
fronds. Drops of spore-hyphal suspension of C. salvinae were placed
on fronds in the manner previously described. Inoculated fronds
were removed from the culture dish and placed in FAA 1, 2, 3> and U
hours after application of the inoculian.
All microscopic observations were made with an American Optical
Microstar Series 10 binocular microscope. Photomicrographs were
taken on Kodak Plus-X Panchromatic 35 vm film, using a camera mounted




In this investigation on the pattern of disease development
incited in fronds of S. rotundifolia by the pathogen, C. salvinae, it
was necessary to undertake first a general anatomical study of the
host plant frond, especially the floating frond.
A description of the general external features of S. rotundi¬
folia noted and as reported in the literat\ire is as follows: The
stem is a delicate floating rhizome (Eames, 1936; De La Soto, 1963)*
Lc^al and Grewal (1967) called the stem of Salvinia a rachis, and the
segments on either side merely pinnae. The oblong to ovate floating
fronds of Salvinia are greatly modified as floating organs (Eames,
1936). The submerged frond is divided into 8 to 12 filiform
segments that superficially resemble roots. They are presumed to
act as stabilizers and drags against drifting (Eames, 1936).
Hertzog (193U) and Haupt (1953) suggested that the ventral
segments of the submerged frond are probably absorptive in function
since true roots aire wanting.
The vascular cylinder of the rhizome corresponds to a soleno-
stele. The xylem elements in the stele are arranged in the shape
of a closed V (De La Soto, I963). Loyal and Grewal (I967) noted
that the stele is abutted by 2 to 3 layers of the cortex whose cells
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have thick cellulosic, nonlignified walls. This region is immedi¬
ately followed by a ring of air spaces and the entire structure is
encircled by a single layered epidermis. The submerged frond is
reported to have a similar anatomy except for the traces that branch
off from the body of the central vein.
In this investigation, the floating fronds were of principal
concern. Hertzog (193li) referred to the floating fronds as ’’Swim-
leaves." Th^ have a mesophyll that is made up of single rows of
cells which surround polyhedral air chambers. Ihese air chambers
may be in a single or a double layer. De La Soto (1962), referring
to S. auriculata, described the upper chambers as small and numerous
while the lower chambers were said to be scarce and well developed
longitudinally. I have also found this kind of frond structure in
S. rotundifolia. De La Soto (1962), in referring to the works of
Kopp, stated* "In the shade leaves are observed two layers of air
chambers and in sun forms only one layer."
De La Soto (1963) observed only one row of air chambers
toward the center of the frond in the sun form of S. rotundifolia.
In S. rotundifolia, I have noted that the lower, smaller air spaces
were reduced near the mid-vein but were still present along with the
large longitudinal air spaces above the stele. Only toward the ex¬
treme edges of the plant were large longitudinal air spaces absent.
In the center of each frond a vascular bundle, the mid-vein, is
located. Many air chambers extend from it like the spokes of a
wheel. Foliar bundle traces are found in other parts of the leaf,
especially toward the margins. De La Soto (1963) reported that the
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nerve structure of the frond lamina corresponded to the general plan
of consecutive dichotcmiies, with transverse anastcaioses toward the
edge of the lamina.
Loyal and Grewal (1967) stated that the vein in Salvinia fronds
is surrounded by a large aerencl^atous cortex idiat is enclosed by a
large layered epidermis. Hertzog (1938) called the parenchyma
surrounding the air spaces of the mesophyll aerenchyma. The lamel¬
lar cells of the aerenchyma surrounding the vein are characterized by
the presence of conspicuous intercellular spaces which are traversed
by fine thread-like protrusions. In this study, the greatest concentra¬
tion of fungus mycelia was found in these aerenchymatons cells.
In describing the epidermal layers of the frond, Hertzog (193U)
noted that the upper and lower epidermis came together and enlarged
at the ends to form a keel-like structure that may function in stabi¬
lizing the floating capacity of the frond. He also noted that
floating fronds of Salvinia have very small stanata on the upper
epidermis. Loyal and Grewal (196?) described the stomata as being
of the anomocytic type. Hertzog (1938) stated that a poorly developed
cuticle covers the epidermis as a thin skin.
De La Soto (1963) described the development of the hairs on
the upper surface of floating fronds. They form as groups of four
cells from epidermal cells. When papillae are examined it becomes
clear that they consist of a one-cell layer of cells surrounding a
lacuna that extends into the mesophyll of the frond and is continu¬
ous with one of the longitudinal air chambers. In the lower epi¬
dermis, hair-like projections are also present but they are much
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smaller.
Following the review of the general structure of the fern frond
whole mounts of naturally infected fronds were prepared in order to
determine the gross relationship between the host and the pathogen.
These whole mounts revealed mycelium and spores on the surface of the
frond attached to t^hae that penetrated the cells of the upper walls
of the epidermal layer. Ifyphal growth ffom cell to cell was noted.
Penetration of the cell wall was accomplished by a hyphal branching
forming a flattened disc-like appresorium on the cell surface and
extending a delicate, greatly narrowed penetration tube through the
cell wall. At the point of penetration the cell wall in the immedi¬
ate vicinity of the tube exhibited a slightly different refraction
index when compared with the; rest of the wall region (Figs. 1 - 3)»
After penetrating the wall the hypha enlarged to its regular size
as it invaded the host protoplast. In view of the fact that Jones
(1967) reported that frond infection by C. salvinae could occur
through the unwounded papillae or epidermis, it is assumed that
germinating spores infect by direct penetration. Although spores
were observed on the surface of whole mounts studied, direct penetra¬
tion by a germinating spore was found only twice*
Whole mounts of slightly discolored fronds in an advanced stage
of disease development revealed abundant hyphae between the frond
papillae. Associated with the abundant hyphal growth was a general
shriveling of the papillae. I was not able to detect any extensive
hyphal invasion of papillae cells, however.
The onset of cell death in infected fronds, apparently resulting
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Fig. 1. Hyphal strands penetrating walls of cells in upper
surface of S. rotundifolia frond (note arrows)j
cw, cell wallsj ph, penetrating hyphaj H, hypha.
Xii375.
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Fig. 2. Branch of hypha penetrating wall of cell in
infected frond. Note strongly attenuated filament
at arrows. X8750.
Fig. 3* Enlarged view of hjrphal penetration of cell wall
shown in Fig. 1. Note difference in size of hypha
outside of cell wall. X8750.
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from hyphal invasion, is first evidenced by a clumping of cell contents.
A noticeable clustering of chloroplasts occurs along the wall of the
cell (Fig. U). There was no indication of internal disorganization
of cell contents in uninfected cells (Fig. 5)«
The critical observations on host-parasite relationships and
disease progress were made on transverse sections of fronds that were
killed and fixed each hour over a 12 hour period following inoculation.
Only spores and hyphae were noted on the surfaces of papillae and the
epidermis of fronds that were prepared one hour after inoculum was
applied. There was no evidence of spore germination and/or host cell
penetration.
Sections made from fronds killed and fixed 2 to 3 hours after
inoculation revealed incipient hyphal invasion of some host cells.
On the lower epidermis of a frond infected for 3 hours a hyphal branch
was observed adjacent to the lower epideraal cell wall. I(yphal pene¬
tration of -Uie cell was evident (Fig. 6).
In some of the papillae of 2 and 3 hotir infected plants, the
cells were shriveled (Fig. 7). In one of these shriveled papillae,
a hypha could be seen extending from a cell (Fig. 8). Papillae that
had no spores or hyphae associated with them, either on controls or
uninoculated fronds, exhibited no shriveling (Fig. 9).
Incipient collapse of epidermal cells was evident at the ino-
culiim sites of some fronds in sections prepared U or 5 hours after
inoculation (Fig. 10). Ifyphal growth was evident on some of the lower
epidermal cells in these fronds that were infected from the side by
the run off inoculum (Fig. 11),
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Fig. U. Infected cells of uoper epidermis of frond showing
hyphal distribution and clumping of cell contents
along wall, X17?0.
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Fig. Cells from upper surface of uninfected frond
showing chau’acteristic distribution of cellular
components, X1750.
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Fig. 6. Hyphal strand attached to surface of host lower
epidermal cell 3 hours after application of
inoculum. Note indication of beginning of hyphal
penetration of cell wall. XU375»
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•Fig, 7. Slightly shriveled papilla on frond of S. rotundi-
folia 2 hours after application of inoculum. X1750.
2h
Fig. 8. Enlarged view of cell frran papilla shown in
Fig. 7 with hyphal strand attached. Xli.375»
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‘Fig. 9* Papilla from epidermis of frond of control plant.
X1750.
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■Fig. 10. Incipient collapse of epidermal cells of frond
in vicinity of inoculum U hours after application.
X1750.
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Fig. 11. Scattered hyphal branches protruding from lower
epidermal cells of frond U hours after introduction
of inoculum. Xii375«
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In several instances, in some sections taken from fronds 5
hours after inoculation, same of the upper epidermal cells, and a few
mesophyll cells immediately below, exhibited varying degrees of cell
deterioration (Fig. 12). Hyphal strands attached to the s\irfaces of
some of the mesoptyll cells were also noted (Fig, 13). I(yphae of the
pathogen were clearly evident on mesopl^ll cells in some secticais of
fronds taken 6 hours after inoculation (Figs. lU-17).
In the vicinity of the inoculum site, epidermal cells were
noticeably collapsed in sections made frcrni fronds 7 to 9 hours after
the inoculum was applied. A general deterioration of the protoplast
was evident in those cells. Some of the cells in some instances were
completely devoid of contents. Sections taken 10 hours after inocu¬
lation exhibited similar features. Associated with some of the cells
in the section were amoirphous deposits that stained red in safranin-
fast green (Fig. 18).
Protoplast deterioration was not always accompanied by cell
wall collapse, however, for, in some sections taken from fronds 10
hours after inoculation, the cell walls were intact although the cyto¬
plasmic contents were disorganized and clumped to the bottom of the
cells (Fig. 19). A widespread distribution of fungal hyphae in the
aerenchyma surrounding the main vein of the frond was evident in sections
taken from fronds 11 hours after inoculation (Fig. 20).
All fronds observed with advanced macroscopic symptoms, that were
mounted and studied in the preliminary investigations, had several
features in common. Practically all the cytoplasm of the fronds was
either disorganized or absent, except for the clumping of cell contents
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Fig. 12. Partially collapsed and necrotic epidermal cells
in frond 5 hours after inoculation. Note attached
hyphae. X1750.
30
Fig. 13. Another section of frond 5 hours after inoculation
shewing the protruding hyphae projecting out of the
infected epidermal cells, Xi;375»
31
'Fig. lU. Hyphae attached to aerenchyma in frond 6 hours
after inoculation. X1750.
32
Fig. 15. Enlarged view of aerenchyma cell and attached
hyphae from Fig. 1$, XU375.
33
Fig. 16. Aerenchyma cells with attached hyphae in another
frond 6 hours after inoculation. X1750.
3U
Pig. 17. Enlarged view of aerenchyma cells and attached
hyphae from Fig. 17. XU375»
35
Fig. 18. Collapsed cells in infected frond 10 hours after
inoculation. (Dark body is amorphous deposit
commonly found associated with cell deterioration.)
X1750.
36
■Fig. 19. Epidermal cells of frond 10 hours after inoculation
showing clumping of cellular contents in bottom of
cells. X1750.
37
Fig. 20. Section of aerenchyma from region near main vein
of frond showing widespread distribution of hsrphae.
X1750.
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on the cell walls. There were numerous oval to elliptical red
staining deposits throughout the mest^hyll. In some of the older
fronds foreign matter and free living organisms, such as diatoms, had
invaded the intercellular spaces.
Macroscopically visible symptoms of the disease were generally
not evident during the early stages of infection. Discoloration
usually was not noted before lli days after inoculation. From that
time on many of the fronds began to yellow. Some yellowed faster
than others. Thirty days after the fronds were inoculated they were
observed to be fully discolored, partially submerged, and they had
abundant hyphal growth on the exposed surfaces.
Of the total number of inoculations attempted around $0$ of
the fronds became infected. Four inoculated fronds were removed at
each ho\irly interval and sectioned for stuc^ of disease progress.
This process was followed each of the three summers the investigation
was in progress.
Infected fronds exhibited two modes of infection. One mode was
by direct penetration of cells in the upper inoculated surface of the
epidermis and epidermal papillae. In some instances, drops of inocu-
Ivmi rolled off the frond into the water; therefore, some fronds became
infected through the lower epidermis. Both modes were studied care~
fully. Apparently, as a.result of some of the inoculum entering the
water, srane fronds were invaded through the wound. In these cases,
hyphae first appeared in the mesoptyll cells near the main vein.
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Discussion
It is clearly evident from the observations that I have made
that C. salvinae is a highly destructive pathogen of S. rotundifolia*
The pathogen appears to do its damage to the host cells by directly
invading the protoplasts and causing their death. it is uncertain
as to whether the death of the protoplast is due to the removal of
the essential metabolites that the host cell requires or the degenera¬
tion of host cytoplaanic material by extracellular enzymes produced
by the fungus. Some indication that the latter mechanism may operate
was provided by these observations. The tendency for the cell to
collapse and protoplasmic contents to become disorganized and aggre¬
gate into shapeless masses shortly after cell penetration by the fungus
suggests the presence of enzymatic activity. Critical inoculation
studies under very carefully controlled conditions should shed further
light on this aspect of the disease.
Jones (1967) inoculated Eichhornia crassipes, the water
hyacinth, with C. salvinae to undertake preliminary host specificity
studies since S. rotundifolia and E. crassipes are often associates
in the same habitat. Her attempts to inoculate E. crassipes with C.
salvinae were unsuccessful. Whether other species of Salvinia, or
species in the genus Azolla, another member of the family Salvinaceae,
are susceptible to S, salvinae remains unknown. Further studies on
host range distribution involving these species ^ould be conducted
CHAPTER V
SIMMART
A study has beoi conducted on the mode of infection and the
pattern of tissue invasion followed by Cephalosporium salvinae, the
incitant of frond necrosis of Salvinia rotxindifolia* The pathogen
represents a recently described species of Cephalosporium. The
isolate used in this stutfy was obtained from infected fronds growing
in laboratory aquaria in the Department of Biology at Atlanta Univer¬
sity. Uninfected fronds of liie host were inoculated with spore
suspensions of the pathogen and the progress of the disease was
studied microscopically to ascertain the mode of entry and histologic
effects of the disease on the fronds.
Cleared whole mounts of naturally inffected fronds were studied
in order to determine the gross relationships between the cells of
the host and the distribution of the hyphae of the pathogen. The
critical histologic observations were made on stained cross sectirais
of fronds that had been inoculated with the fungus.
The mode of infection was determined to be by direct penetra-
tirai of host cells by l^rphal branches or by germination tubes from
spores. It is also noted that frond invasion may be the result of
entry of the fungus through wounds.
After invasion it was found that the pathogen may spread through
the frond by intra and intercellular h3rphal growth. Cell invasion
Uo
by a hypha was noted to result in loss of cell turgidity and wall
collapse as well as disorganization and clumping of cell contents.
The presence of surface hyphae around epidermal papillae appeared
to induce a shriveling of papillae cells.
Complete necrosis of the fern frond occurs in the advanced
stage of the disease. The necrotic affect is not visible macro-
scopically until around H; days after inoculation. Microscopic evi¬
dence of cell necrosis is evident within 10 hours after inoculation.
All living cells within the frond may be invaded by the fungal hyphae.
Where invasion is by direct penetration through cells of the papilla
or the upper epidermis the fungus gradually spreads into the
aerenchyma of the mesophyll.
LITERATURE CITED
Allington, W, B. and D, W. Chamberlain. 19U8. Brown stan rot of
soybean. Phytopath. 38:793-802.
Bailey, L. H. 1969• Manual of cultivated plants. Macmillan
and Co. New York. 1116 pp.
Bruehl, G. ¥. 1956. Cephalosporium stripe disease of wheat in
Washington. Phytopath. U6:178-180.
Buchanan, R. E. 1911. Morphology of the genus Cephalosporium with
description of a new species and variety. Mycol. 3sl70-17ii.
Christensen, C. M. 1937. Cephalosporium: canker of balsam fir.
Phytopath. 27:788-791.
De La Soto, Elias Ramon. 1962. Contribucion al conocimiento de
las Salviniaceae neotropicales II Salvinia auriculata Aublet.
Darwiniana. 12:U99-5l3.
. 1963. Contribucion al conocimiento de las Salviniaceae
IV. Dates morfoanatcmicos sobre Salvinia rotundifolia Willd.
y Salvinia hertzogii de la Soto. Darwiniana. 12^612.623.
Denyer, W. B. G. 1953. Cephalosporium: canker of western hemlock.
Can. J. Bot. 31^361-366.
Eames, Arthur J. 1936. Morphology of vascular plants. McGraw-
Hill Book Co., Inc. New York. U33 pp.
Haupt, Arthur W. 1953. Plant morphology. McGraw-Hill Book Co.,
Inc. New York. U6U pp.
U2
U3
Hertzog, Robert. 193h» Anatooiische und experimentell-fliorphologische
unteinichungen uber die gattung Salvlnla. Planta. 22:190-5lli*
. 1938. Geographische verhreitung der gattimgen Salvinia
und Azolla. Bot. Archiv. 39:219-225.
Horsfall, J. G. and A. E. Dimond. 1959. Plant pathology. Vol. I*
Academic Press, Inc. New Toi’k. 67U pp.
Johansen, Donald A. 19li0. Plant microtechnique. McGraw-Hill Book
Co., Inc. New York, 523 PP.
Jones, Rena. 1967. A Cephalosporivim parasite on Salvinia. M.S.
Thesis, Atlanta University. 20 pp.
Jones, Rena and Lafayette Frederick. 1970. Cephalosporium Salvinae
sp, nov. a pathogen of Salvinia rotundifolia Willd. (Accepted
for publication.) Ifycopath. Ifycol. Appl.
Khana, K. L. and A. S. Chakravaz^i. 19^9* Some obseirvations on
juices of diseased sugar cane. Current Sci, 18:19.
Loveless, A. R. I969. The possible role of pathogenic fungi in local
degeneration of Salvinia auriculata Aublet on Lake Kariba. Ann.
Appl. Biol. 63:61-69.
Loyal, D. S. and R. K. Grewal. 1967. Some observations on the
morphology and anatomy of Salvinia with particular reference to
S. auriculata and S. natans. Res. Bull. Punjab Univ. 18:13-28,
Mehdi, Rafia and D. T. N. Pillay. 1968. Occurrence of a new species
of Cephalosporium in the rhizosphere of Vitis vinifera L.
Mycopath. M3rcol. Appl, 3U:302-30U.
McKenzie, M. A. and E, M. Johnson. 1939. Cephalosporium elm wilt
in Massachusetts. Mass. Agric, Exptl, Sta. Bull. 368.
Padwick, G. W. 19lj.6. Notes on Indian fungi IV. Mycol* Pap. Common¬
wealth Mycol. Inst. 17:10.
Pisano, Michael A. 1963* Activities of the Cephalosporia. Trans.
N. Y. Acad. Sci. 25:716-730.
Samra, A. S., Sabot, K. A., and Hingorani, M. K. 1963* Late wilt
disease of maize caused by Gephalosporium maydis. Phytopath.
53:U02-U05.
Sheridan, J. E. 196b» Brown spot of celery in England. Plant Path.
13:161-163.
Smith, M. A. and G. B. Ramsey. 1951. Brown spot disease of celery.
Bot. Gaz. 112:393-^00.
Sourcebook of Laboratory Exercises in Plant Pathology. 1967.
W. H. Freeman and Co. San Francisco and London. 287 pp.
Tims, E. C. and L. S. Olive, 19b8. Two interesting leaf spots of
fig. Phytopath. 38:707-715.
>teatherby, C. A. 1937. A further note on Salvinia. Amer. Fern
Journ. 27:98-102.
Wilson, C. L. 1963. Wilting of persimmon caused by Gephalosporium
diospyri. Pl^opath • 53: Lb02-lU06 .
